Molecular modelling of CYP2A enzymes: application to metabolism of the tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK).
1. Tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) is a lung carcinogen in a variety of animal models and a putative human lung carcinogen. Its tumorigenic potential is unmasked via cytochrome P450 (CYP)-mediated hydroxylation of the carbon atoms adjacent to the nitroso moiety (i.e. alpha-hydroxylation). Therefore, elucidation of enzyme-substrate interactions that facilitate alpha-hydroxylation is important to gain insight into the tumorigenic mechanism of NNK and to develop potent inhibitors of this detrimental reaction. 2. Molecular models of CYP2A enzymes from mice, rats and humans that are catalysts of NNK bioactivation were constructed and used, in conjunction with docking experiments, to identify active-site residues that make important substrate contacts. 3. Docking studies revealed that hydrophobic residues at positions 117, 209, 365 and 481, among others, play critical roles in orienting NNK in the active site to effect alpha-hydroxylation. These molecular models were then used to rationalize the stereo- and regioselectivity, as well as the efficiency, of CYP2A-mediated NNK metabolism.